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ABSTRACT 

ctoli 6 C0ASTS YS J A designed, installed, and started up on 20 January 1990 a state-of-the-art 
and alone photovoltaic powered impressed current cathodic protection system (PVCPSYS) not 

s ? el and iron W5W 

rnnVni;J . d 775 • f steel sh ? et P llm .g of a Na vy bulkhead is continuing to provide 
f .’ 5>" tinU0U u S C0 / T0s,0n protection. This has been well documented by COASTSYSTA 
and verified on-site by the U.S. Army Civil Engineering Research Laboratory Champaign 
Blinois and the Navy Energy Program Office-Photovoltaic Programs, ChinaTake California 
The Department of Defense (DoD) Photovoltaic Review Committee and Sandia National 

^nnS a ° neS ?°II Slder l , hlS successfuI and cost effective system a major advance in the 
application of photovoltaic power. The PVCPSYS uses only renewable energy md is 

environmentally clean. A patent is pending on the new technology. Other possible PVCPSYS 
applications are mothballed ships, docks, dams, locks, bridges, marinas, offshore structures and 

elSTof J46OT.TO S ' SaVi " 8S by inS ‘ a " ing 3 PVCPSYS vs a conventional CP system tos in 


,J he o^ctive of the initial project was to successfully demonstrate that renewable enerev can 
e co " om ‘CttlIy replace or be used instead of continuous non-renewable Zwlr 
it f n °PP ortunit y t0 cl ^arly show that photovoltaic power is practical and reliable was the 

“ Pr0Vide Ca,WiC “ - N - a ' an?K g r ‘ h ' 


The COASTS YSTA in Panama City, Florida, has broken new ground in the application of 
solar energy for cathodic protection. Photovoltaic arrays without battery backup have been 
connected to the 775 foot-long steel sheet piling of a dock bulkhead vma cathodic protection 
system, to prevent corrosion on that steel structure in a salt water environment. 

Cathodic protection, as the name signifies, is the process by which, in the COASTSYSTA 
impressed current type application, the entire steel sheet piling is transformed into a cathode via 
a senes of anodes mounted in PVC standoff racks, in the water, next toZpiling When direct 

curren W lVnnwL"' ap ? ied 10 lhe ? node , s and sufficient electrical potential ^attained by 
current flow from the anodes via an electrolyte (seawater) to the piling, the corrosion is y 
transferred to the anodes, preventing piling corrosion. 

Mr. Wally Muehl, Electrical/Mechanical Engineer at the Coastal Systems Station was 
evaluating power sources to protect the Naval Diving and Salvage Training Center bulkhead 
when he focused on photovoltaics. Although there were 10 other impressed current cathodic 
protection systems installed on the docks, all were powered by a continuous power source with 
the current rectified to DC. Of these 10 systems, eight were down from 1 to 1 1/2 years due to 
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rectifier failures and/or the power source secured due to construction and as a result no comtston 
protection was provided. PVCPSYS’s would have continued to provide power and corrosion 
protection and would not have been affected by these type power outages. 

The Naval Diving and Salvage Training Center is in a separate location from these docks, and 
and other than the initial coating, received no corrosion protection. 

Innovations in desfgn and method of Deration permits the photovoltaic arrays i tc .easily -provide 

probtem To toe, all impLetourrent systems require a continuous DC power supply tn order 
to provide cathodic protection. 

T u rOASTSYSTA photovoltaic power system is a fixed-axis system which is suitable for 

wrnmmmrnsr 

STaxis East West track, ng, two-axis Nonh-South, East-West track, ng, or simply adding a 
module or two to meet the additional current requirements. 

cun'ent "carry over” to overcome a 155-foot section of piling that had to be bypassed and 
n™e cZdk protection, without anode placement in the area having a water depth of 27 feet, 
where diving takes place. Both problems were overcome in the design. 

nhotoloha icoower system was y provided with blocking diodes to prevent any possibility of 
driven DC generator or a portable motor driven DC welder. 

electrochemical in n . The electrochemical reaction reverses slightly when the 

S: » external current source cannot recover by 
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simply removing the load. It is believed that the one-time only initial preconditioning 
polarization (controlled conditions) of the structure embeds single hydrogen atoms in the steel 
sheet piling that can also migrate and diffuse in the structure. This system delays the decay of 
the negative potential and permits the photovoltaic arrays to supply sufficient power allowing the 
system to easily provide complete continuous cathodic corrosion protection including cloudy 
overcast, rainy and nighttime conditions without the necessity for DC power backup such as ’ 


In summary the foregoing novel method and system of a one-time-only preconditioning or 
prepolanzing the structure prior to energizing the PV solar array on-line with the system 
provides a relatively higher negative potential that has a slow rate of decay. This permits the use 
ol regulated PV solar energy with excess available power, and without any backup power to 
easily provide complete continuous corrosion protection, including cloudy, overcast, rainy and 
nighttime conditions, with excellent polarization levels and improving with time. An analogy 
may be that the steel structure becomes very effectively polarized, and will remain so by the 
variable DC charge effect provided by the simple solar array system, much like a piece of steel 
or iron can become magnetized by the application of a DC electrical current. 


The installation, start up, and continuing operation, including underwater inspections, are well 
documented to date by the Coastal Systems Station and verified on site, during the day and at 
nighttime by the U. S. Army Corps of Engineers, Construction Engineering Research 
Laboratory, Naval Energy Program Office and members of the Department of Defense (DoD) 
Photovoltaic Review Committee. The average amount of available sunshine for the three weeks 
24 % t0 th6Se ° rganizatlonS V1SU> per data P rovi ded by the National Weather Service, averaged 


This system has been in operation almost 3 3/4 years without requiring any maintenance or 
adjustment. A patent is pending on the new technology. Other possible applications are 
mothballed ships, docks, dams, locks, bridges, marinas, offshore structures and pipelines. 


The estimated cost in 1985 of a conventional Cathodic Protection (CP) system requiring 
continuous DC power was $75,000.00 and the estimated cost in 1990 was $108,000.00. The 
PVCPSYS cost at contract completion was $61,816.00, complete and ready for use. The initial 
cost savings by installing a PVCPSYS was in excess of $46,000.00. 


The Department of Defense Photovoltaic Review Committee and Sandia National 
Laboratories consider this successful and cost effective system a major advance for the 
application of photovoltaics. 


e A P h ^ro vo J ta j£ P ow er system without any backup power has been installed on another 800 
loot bulkhead. The two previous 400 foot conventional rectifier powered impressed current 
cathodic protection systems were modified to allow this conversion. This PVCP system 
successfully started operation on 21 May 1993, without any backup power and is providing 
complete continuous corrosion protection. A state-of-the-art data collection systems is provided 
that among other capabilities, will monitor, report, analyze and record simultaneously the solar 
energy output DC Volts, DC Amps and the DC negative potential voltage of the steel sheet 
piling on a personal computer that is MS-DOS compatible located about 1/2 mile away from the 
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